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(§) Miniature motor. 

© A miniature motor has a metallic tubular case 

(1) closed at one end and a permanent magnet 

(2) fitted to the inner surface thereof. A case cap 
(6) doses the open end of the case (1), and a 
rotor (5) comprising an armature (3) and a 
commutator (4) is rotatably supported by bear- 
ings (9,10) provided on the closed end of the 
case and on the case cap (6). Input terminals are 
provided on the case cap (6), together with a 
retaining member (48) for holding a positive 
temperature coefficient resistor (49) against 
one of the input terminals (82,83). The retaining 
member (48) has a lanced and raised projection 
(57,61,63) and at least one retaining piece 
(58,62,74) which are directed towards the input 
terminal (82,83) and are adapted to engage and 
hold a resistor (49) thereagainst. The retaining 
member (48) makes no contact with the respec- 
tive terminal (82,83), whether or not a resistor is 
installed. 
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This invention relates to a miniature motor of the 
type commonly used in audio equipment, precision in- 
struments and automotive electrical equipment. 

As miniature motors are low powered, overload- 
ing (or stalling in extreme cases) may occur if the rotor 5 
is impeded by rust or the entry of foreign matter into 
the motor case for example; or if its operating limit is 
reached. This leads to overheating or burning of the 
windings of the armature. This problem may be ad- 
dressed by feeding the power to the armature via a 10 
positive temperature coefficient resistor. In known 
miniature motors, the resistor is commonly held be- 
tween lugs provided on an input terminal and a con- 
necting piece. A motor of this type is disclosed in Jap- 
anese Published Unexamined Utility Model Applica- 15 
tion No. Hei-2(1990)-41664. However as the resistor 
is retained only by the f rictional forces exerted by the 
lugs, it may be dislodged by vibration or other external 
forces. Increasing the holding force of the lugs in- 
creases the pushing force required when inserting the 20 
resistor during motor assembly. This may lead to 
damage of the electrodes on the surface of the resis- 
tor and possibly loss of the functions of the resistor. 
Furthermore, the ability to control the holding forces 
is necessarily limited by the particularly small size of 25 
the components involved. 

Another disadvantage of a motor having the 
above construction is that the lugs are configured to 
contact each other is the resistor is not present 
Therefore, the accidental omission of the resistor may 30 
be undetected during assembly and inspection, be- 
cause the motor's electrical circuit is nevertheless 
continuous. 

The present invention is directed at an electric 
motor construction in which a positive temperature 35 
resistor may be reliably held within the motor case 
without the risk of damage during assembly. Also, the 
absence of the resistor may be readily detected. 

Such a motor comprises a metallic tubular case 
closed at one end with a permanent magnet fitted to 40 
the inner surface thereof; a case cap closing the open 
end of the case; a rotor comprising an armature and 
a commutator, being rotatably supported by bearings 
provided on the closed end of the case and on the 
case cap; brushes supported on the case cap for 45 
making sliding contact with the commutator; a pair of 
input terminals electrically connected to the brushes 
and a retaining member for connecting a brush to one 
of the input terminals via a positive temperature coef- 
ficient resistor held between the input terminal and 50 
the retaining member. According to the invention, the 
retaining member has a leg disposed in the case cap, 
which leg comprises a projection formed by lancing 
and raising a portion of the leg, and at least one re- 
taining piece formed by plastically deforming another 55 
portion of the leg, both the projection and retaining 
piece being directed towards the input terminal but 
without the retaining member making any contact 



therewith, and being adapted to engage and hold a 
positive temperature coefficient resistor therea- 
gainst. 

The movement of a retained resistor is preferably 
restricted in the extracting direction by the projection 
cutting into the surface of the resistor. 

In one embodiment of the invention the end of the 
retaining member leg comprises at least two prongs, 
with the projection formed on one prong and the re- 
taining piece formed by plastically deforming another 
prong. Alternatively, the end of the leg of the retaining 
member may be plastically deformed to engage and 
hold a resistor against the input terminal. In preferred 
embodiments, a pushing piece extends from the re- 
taining member in a direction opposite to the leg, and 
is adapted to resiliently engage a retained resistor. 
The retaining member may be substantially U-shap- 
ed. 

A projection may also be provided on the input 
terminal and directed towards the retaining member. 
In a preferred arrangement, the input terminals are 
substantially L-shaped and of which the shorter legs 
act as stoppers against the inner end of the case cap. 
In addition, a lanced and raised lug may be formed 
from an intermediate portion of each terminal and 
plastically deformed against an outer end surface of 
the case cap. The input terminal projection is prefer- 
ably disposed between the stopper and the lug on one 
of the pair of terminals in this embodiment Alterna- 
tively, each input terminal may have a substantially 
rectangular shape, with a wider section forming a 
stopper relative to the case cap. Two lanced and 
raised lugs may be formed from intermediate portions 
thereof, of which one comprises the input terminal 
projection and the other engages the body of the case 
cap. 

In another preferred embodiment, a projection is 
provided on an inner wall of a hole provided on the 
case cap for receiving the positive temperature coef- 
ficient resistor, and contacts the resistor on the same 
side as the input terminal. 

Known motor constructions and some embodi- 
ments of the invention will now be described by way 
of example and with reference to the accompanying 
drawings wherein: 

Figure 1 is a longitudinal partly sectional view of 
a conventional miniature motor; 
Figure 2 is an exploded perspective view of an 
end cover showing a connector arrangement in- 
corporating a positive temperature coefficient re- 
sistor; 

Figures 3 and 4 are enlarged cross-sectional 
views showing the connector arrangement of Fig- 
ure 2 installed in the end cover; 
Figure 5 is a longitudinal partly sectional view 
showing another conventional miniature motor; 
Figure 6 is an enlarged cross-sectional view of 
the end cover of Figure 5; 
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Figures 7 and 8 are a plan view and a bottom 
view, respectively, of the case cap according to 
one embodiment of the invention; 
Figure 9 is a partly cross-sectional side view 
along line C-C of Figure 7; - 
Figures 10A and 10B are cross-sectional views 
along lines D-D and E-E, respectively, of Figure 

Figures 11A, 11 B and 11C are a longitudinal sec- 
tional view, a side view and a bottom view, re- a 
spectively, of the input terminal 81 shown in Fig- 
ures 7, 8 and 1 0A; 

Figures 12Aand 12B are a longitudinal sectional 
view and a side view, respectively, of the input 
terminal 82 shown in Figures 7, 8 and 10B; is 
Figures 13A and 13B are a side view and a front 
view of the retaining member 48 shown in Figures 
8 and 1 0B. 

Figures 14 and 15 are views from direction F in 
Figure 13A and direction G in Figure 13B, respeo 20 
tively: 

Figures 16A and 16B are a side view and a front 
view of the retaining member 48 according to a 
second embodiment of the invention; 
Figures 17 and 18 are views from direction H in 25 
Figure 16A and direction J in Figure 16B, respec- 
tively; 

Figures 19Aand 19B are a longitudinal sectional 
view and a side view of an input terminal accord- 
ing to the second embodiment of the invention; 30 
Figure 20A is a cross-sectional view of the case 
cap showing the input terminaJ 83 and the retain- 
ing member 48 installed according to the second 
embodiment of the invention; 

Figure 20B is a partly cross-sectional view along 35 
line K-K of Figure 20A; 

Figures 21 A and 21 B are a side view and a front 
view, respectively, of the retaining member 48 ac- 
cording to a third embodiment of the invention; 
Figures 22 and 23 are views from direction L in 40 
Figure 21 Aand direction M in Figure 21 B, respec- 
tively; 

Figure 24 is a cross-sectionaJ view of the case 
cap showing the retaining member 48 installed 
according to the third embodiment of the inven- 45 
tion; 

Figure 25 is an enlarged bottom view of a case 
cap according to a fourth embodiment of the in- 
vention; 

Figure 26 is a bottom view illustrating a case cap so 
according to a fifth embodiment of the invention; 
Figure 27 is a partly cross-sectional view of the 
case cap of Figure 26 along line P-P; 
Figure 28 is an enlarged plan view of the retaining 
member 48 shown in Figures 26 and 27; 55 
Figures 29 and 30 are views from direction Q and 
direction R in Figure 28, respectively; 
Figures 31 A and 31 B are a longitudinal sectional 



view and a left-hand side view of the input termi- 
nal 83 shown in Figures 26 and 27; 
Figure 32 is an enlarged view from direction S in 
Figure 27. 

In the Figures, like parts are indicated by like ref- 
erence numerals. The motor shown in Figure 1 has a 
tubular case 1 made of a metallic material, such as 
mild steel, which is closed at one end. A permanent 
magnet 2 of arc-segment shape, for example, is fix- 
edly fitted to the inner surface thereof. Rotor 5 com- 
prises a commutator 4, and an armature 3 facing the 
permanent magnet 2. 

A case cap 6 made of an insulating material, such 
as a resin material, is fitted to an open end of the case 
1 . A brush 7 is provided on the case cap 6, and has a 
contact shoe at the free end thereof for making sliding 
contact with the commutator 4. Also inside the case 
cap is an input terminal 8 electrically connected to the 
brush 7. Bearings 9 and 10 are fixedly fitted to the 
bottom of the case 1 and the central part of the case 
cap 6. respectively, for supporting the shafts 11 and 
12 of the rotor 5. 

Thus, as power is fed to the armature 3, the motor 
operates in a known manner to drive external equip- 
ment (not shown). 

Figures 2 to 4 show a known motor incorporating 
a positive temperature coefficient resistor 23. The re- 
sistor is formed into a quadrilateral strip shape, for ex- 
ample, with both sides thereof coated with electrodes 
(not shown). An input terminal 22 is fixedly fitted to 
the case cap 6. A brush base 24 has a power feeding 
brush piece 7a provided at the free end thereof, con- 
nected to the brush 7 integrally or in such a manner 
as to ensure electrical continuity. 

Adjoining grooves 22a, 23a and 24a are located 
on the case cap 6 in a substantially parallel orienta- 
tion. Each groove corresponds to the cross-sectional 
shape and dimensions of the input terminal 22, the 
positive temperature coefficient resistor 23 and the 
brush base 24, respectively. Groove 22a passes 
through the case cap 6, whilst the other grooves 23a 
and 24a only extend partially through the case cap 
from its inside end face. 

Lug pieces 22b and 24b extend from the input ter- 
minal 22 and the brush base 24 towards the positive 
temperature coefficient resistor 23. The input termi- 
nal 22, the positive temperature coefficient resistor 
23 and the brush base 24 are fixedly fitted by inser- 
tion into the grooves 22a, 23a and 24a in the direc- 
tions indicated by arrows A 1t A 2 , and A 3 , respectively. 
The other input terminal and brush base are also fix- 
edly fitted in the same manner although this is not 
shown in the Figures. 

The positive temperature coefficient resistor 23 
is held by the lug pieces 22b and 24b provided on the 
input terminal 22 and the brush base 24, as shown in 
Figure 3, and functions in a known manner. Depend- 
ing on the application for which the motor is required, 
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it may not be necessary to incorporate such overheat- 
ing prevention measures. If this is the case, the resil- 
ient lug pieces 22b and 24b, which have been pre- 
loaded to a considerable degree, are brought into di- 
rect contact with each other, thereby ensuring electri- s 
cal continuity without the presence of the positive 
temperature coefficient resistor 23, as shown in Fig- 
ure 4. 

Figure 5 is a sectional view of another conven- 
tional miniature moton A brush 16 is formed into a hoi- 10 
low prism shape with a square or rectangular cross- 
section, for example, and is slidably fitted to a brush 
holder 1 5 provided on the inside end face of the case 
cap 6. The brush 16 makes sliding contact with the 
commutator 4, and is forced against it by a spring 1 3. 15 
Input terminal 8 passed through and is fixedly fitted 
to the case cap 6, and is electrically connected to the 
brush 16 via a pig- tail wire 14. 

The motor shown in Figure 5 also operates in a 
known manner to drive the output shaft 11. Again a 20 
positive temperature coefficient resistor may be 
adopted as a means of preventing overheating. 

In Figure 6. a connecting piece 17 having a lug 
piece 17b is provided at a position facing the positive 
temperature coefficient resistor 23. and is fixedly fit- 25 
ted into a groove 17a provided on the case cap 6. The 
lower end of the connecting piece 17 is electrically 
connected to the brush 16 via the pig-tail wire 14. The 
positive temperature coefficient resistor 23 is held by 
lug pieces 22b and 1 7b provided on the input terminal 30 
22 and the connecting piece 17, and functions in a 
known manner to prevent overheating. 

In the motor construction described above, the 
positive temperature coefficient resistor 23 may fall 
from the case cap 6 during use as a result of vibration 35 
or other external forces. This is because the holding 
force is only provided by the f rictionaJ forces exerted 
on the resistor by the lug pieces. 

To increase the holding forces, the resiliency or 
mechanical resistance applied by the lug pieces 22b, 40 
24b and 17b can be increased, but this would irv 
crease the pushing force required to insert the posi- 
tive temperature coefficient resistor 23. This makes 
insertion a more troublesome process and may cause 
damage to the electrodes provided on the surface of 45 
the resistor 23, possibly leading to failure of the resis- 
tor 23 in extreme cases. 

Although the input terminal 22, the brush base 24 
and the connecting piece 17 are generally about 0.8 
mm thick, for example, the amount of resilience inv so 
parted to the lug pieces 22b, 24b and 17b is limited 
due to the small size of these components. This 
makes it extremely difficult to set the proper holding 
force for the positive temperature coefficient resistor 
23. 

55 

If the positive temperature coefficient resistor 23 
is omitted from a motor of the type described above, 
the lug pieces 22b and 24b or 17b are brought into di^ 



rect contact with each other. If a resistor is required 
but is accidentally omitted during assembly, this may 
be overlooked in the final inspection because the lug 
pieces 22b and 24b or 17b maintain electrical con- 
tinuity. Thus, the miniature motor may be deemed to 
be acceptable even though the resistor is not present. 

In the embodiment of the invention shown in Fig- 
ures 7 to 10B, a substantially cup-shaped case cap 6 
is made of an insulating material, such as a resin. A 
hollow tubular connecting member 41 is integrally 
provided on the outer end face thereof. A pair of input 
terminals 81 and 82 are formed in a manner described 
below, and inserted into and fixed fitted to a hole 42 
of T-shaped cross-section which passes through the 
case cap 6. The free ends of input terminals 81 and 
82 protrude into the connecting member 41. 

A pair of L-shaped connecting terminals 43 are 
provided on the case cap 6 via mounting members 44 
so that the connecting ends thereof protrude from the 
outer end face of the case cap 6. Inside the case cap 
6, each connecting terminal 43 is connected to the 
substantially L-shaped brush 7 having the sliding con- 
tact shoe 45 at the free end thereof. One connecting 
terminal 43 is electrically connected to the input ter- 
minal 81 via an electrically conductive member 46. A 
capacitor 47 is electrically connected across the con- 
necting terminals 43 via a lead wire 60 to reduce elec- 
trical noise generated from the motor. 

A retaining member 48 is formed from an electri- 
cally conductive material into a substantially planar U- 
shape, as described below, with a first leg making 
contact with the connecting terminal 43 and the sec- 
ond leg contacting a positive temperature coefficient 
resistor 49. The second leg holds the resistor, formed 
into a substantially quadrilateral shape, for example, 
inside the case cap 6 in conjunction with the input ter- 
minal 82. 

The case 1 and the case cap 6 may be assembled 
together by fitting the case cap 6 to an open end of 
the case 1, and bending an engaging piece (not 
shown) provided on theopen end of the case 1 toward 
an engaging part 50 (see Figure 7) provided on the 
case cap 6. 

Figures 11Ato 11 C illustrate the input terminaJ 81 
shown in Figures 7, 8 and 1 0A, whilst Figures 1 2A and 
12B illustrate the input terminal 82 shown in Figures 
7, 8 and 10B. The input terminal 81 is made of elec- 
trically conductive material and a stopper51 is provid- 
ed at one end by forming the terminal with a substan- 
tially L-shaped longitudinal cross-section. A lanced 
and raised lug 52 is located at the central part of the 
input terminal 81 , and a further lanced and raised part 
53 is formed on the stopper 51 . 

The input terminal 82 is also made of an electri- 
cally conductive material and has a substantially L- 
shaped cross-section. A projection 54 is located be- 
tween the stopper 51 and the lanced and raised lug 
52 and protrudes from the same side of the terminal 
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as the lug 52. The input terminals 81 and 82 described 
above are preferably manufactured by press forming 
means. 

Figures 13Ato 15 illustrate the retaining member 
48 shown in Figures 8 and 1 0B. It is made of an elec- 5 
trically conductive material and is substantially U- 
shaped with legs 55a and 55b. The middle portion of 
the member 48 is plastically deformed to form an an- 
gle, preferably about 120°, as illustrated in Figure 



13 A. 
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The tip of the leg 55a may be formed into a fork 
shape, or a trifurcated piece, for example, with the 
central prong 56 having a lanced and raised lug 57, 
and the two side prongs 58 being bent towards the 
same side as the lug 57 to form protruding retaining 15 
parts. A hole 59 is provided at the tip of the other leg 
55b to improve the engaging action of the retaining 
member 48 with the case cap 6 (see Figures 7 to 10B) 
as described below. 

The protruded height h 2 of the two side prongs 58 20 
from the central prong 56 should preferably be great- 
er than the height h-, of the lanced and raised lug 57. 

The method of installing the input terminals 81 
and 82 and the retaining member 48 on the case cap 
6 will now be described. Firstly, the input terminals 81 25 
and 82 are inserted into the hole 42 through the inner 
end of the case cap 6. The T-shaped cross-section of 
the hole 42 allows the lanced and raised lug 52 to 
readily pass through the case cap 6. 

The input terminals 81 and 82 are located in pos- 30 
ition by the stoppers 51 abutting against the end face 
of the case cap 6, and are secured in position by 
bending the lanced and raised lugs 52 substantially 
perpendicular to the surface of the input terminals 81 
and 82. Thus, the input terminals 81 and 82 are resis- 35 
tant to longitudinal extracting forces. A jig may be 
used to bend the lanced and raised lugs 52 without in- 
terfering with the connecting member 41, because 
the bending operation is performed longitudinally 
with respect to the input terminals 81 and 82. 40 

Once the input terminals 81 and 82 have been fix- 
edly fitted to the case cap 6, the lanced and raised 
part 53 of the input terminal 81 is bent back to crimp 
an end of the electrically conductive member 46 and 
form an electrical connection therewith, as shown in 45 
Figure 10A. The retaining member 48 is then fixedly 
fitted to the case cap 6 by insertion into a predeter- 
mined position, together with the mounting member 
44, connecting terminal 43 and the brush 7, as shown 
in Figure 8. These four members are thereby positive- so 
ly connected, both mechanically and electrically. 

A small gap is defined between the leg 55a of the 
retaining member 48 and the input terminal 82 and 
therefore the positive temperature coefficient resistor 
49 may be easily inserted between them, as shown 55 
in Figures 8 and 10B. As the resistor 49 is inserted, 
the prongs 58 and the lanced and raised lug 57 are 
elastically deformed from a bent or raised position to- 



wards the plane of the leg 55a. Thus, the positive tem- 
perature coefficient resistor 49 can be positively held 
between the retaining member 48 and the projection 
54 of the input terminal 82. Although the positive tem- 
perature coefficient resistor 49 may be subject to a 
creep phenomenon when the area of the resistor held 
by the projection 54 is reduced due to tripping, both 
the prongs 58 and the lanced and raised lug 57 are 
able to adapt to changes in the thickness of the resis- 
tor 49. This is because of their elastically deformed 
state which serves to maintain the contact and the 
holding force. The contact resistance between both 
may also be kept constant. 

If external forces act to pull the positive temper- 
ature coefficient resistor 49 from its position, the 
lanced and raised lug 57 cuts into the surface of the 
electrode of the positive temperature coefficient re- 
sistor 49. This increases the extracting resistance 
and improves the reliability of the motor. 

Preferably, if the size of a gap between the sur- 
face of the projection 54 of the input terminal 82 and 
the retaining member 48 prior to insertion of the pos- 
itive temperature coefficient resistor 49 is defined as 
g, and the thickness of the positive temperature coef- 
ficient resistor 49 is t the relationship between g and 
t should be such that g < t The datum from which the 
gap size g may be measured is the upper end of the 
prongs 58 and the lanced and raised lug 57 in Figure 
15. 

After the components are assembled as descri- 
bed above, the capacitor 47 is connected by solder- 
ing, for example, to the connecting terminals 43 via 
the lead wires 60, as shown in Figures 7 and 9. Pre- 
ferably, the end of the electrically conductive member 
46 is also soldered to the connecting terminal 43, to- 
gether with the lead wire 60, to maintain the electrical 
connection. 

Figures 16a to 18 show a substantially U-shaped 
retaining member 48, according to the second em- 
bodiment of the invention. It is made of an electrically 
conductive, elastic metallic material similar to that 
shown in Figures 1 3Ato 1 5, with legs 55a and 55b dis- 
posed at an angle of approximately 120°, for example, 
as illustrated in Figure 16A. 

The leg 55a has a lanced and raised part 61 lo- 
cated on a flat portion near the tip 62, which is bent 
toward the same side as the part61 to form a retaining 
part. The height h 2 of the top edge of the tip 62 from 
the leg 55a should preferably be made greater than 
the height h 1 of the top edge of the lanced and raised 
part 61, as shown in Figure 18. 

The input terminal 83, according to a second em- 
bodiment of this invention, is illustrated in Figures 
1 9Aand 19B. It is formed of an electrically conductive 
material similar to that of the terminals shown in Fig- 
ures 11 A to 12B. A press-fit part 63 having a width W s 
larger than the width W of the intermediate portion is 
provided towards one end, with a stopper 51 at the up- 
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per shoulder thereof. 

A lanced and raised lug 64 protrudes to the same 
side as the lanced and raised lug 52. The slit 65 facil- 
itates the connection of a capacitor or any other com- 
ponent to the input terminal 83. 5 

The aforementioned input terminal 83 is prefer- 
ably manufactured by press forming means. This 
form of terminal may be used to provide both input ter- 
minals on the motor if the case cap 6 is suitably con- 
figured, although the lanced and raised lug 64 is only 10 
required on one of the pair. Therefore the number of 
different components in the motor is reduced. 

In Figures 20A and 20B, the through hole 42 is 
formed into a T-shaped cross-section, as described 
above in relation to Figures 10A and 10B. Its upper 15 
portion has a width W t and the lower portion has a 
width W s1 . If the width of the intermediate part of the 
input terminal 83 is W, as indicated in Figure 1 9B f and 
the width of the press-fit part 63 is W 3 , the hole 42 
should be configured such that W, ^ W, and W a1 ^ 20 
W 8 . The depth to which the hole 42 has a width W s1 
should correspond with the longitudinal size of the 
press-fit part 63. 

During the assembly process, the input terminal 
83 is inserted into the through hole 42 through the in- 25 
ner end of the case cap 6. The T-shaped cross- 
section of the hole 42 allows the lanced and raised lug 
52 of the input terminal 83 to readily pass through the 
case cap 6. 

The longitudinal position of the input terminal 83 30 
is maintained by press fitting the press-fit part 63 of 
the input terminaJ 83 into the case cap 6, bringing the 
stopper 51 against a boundary part 51a. Then,the in- 
put terminal 83 may be fixedly fitted to the case cap 
6 by bending the lanced and raised lug 52 almost per- 35 
pendicular to the surface of the input terminal 83, as 
described above in relation to Figures 10Aand 10B. 
The other input terminal 83 may be electrically con- 
nected to the electrically conductive member 46, as 
shown in Figures 7 and 10A, by crimping an end of the 40 
electrically conductive member 46. 

The retaining member 48 illustrated in Figures 
16Ato 18 is fixedly fitted to the case cap 6, as shown 
in Figure 20A, in a similar manner to the retaining 
member 48 in the first embodiment of this invention. 45 
The positive temperature coefficient resistor 49 may 
be easily inserted between the retaining member 48 
and the input terminal 83 owing to the gap provided 
between the leg 55a of the retaining member 48 and 
the input terminal 83. so 

Upon insertion of the positive temperature coef- 
ficient resistor 49 in the aforementioned manner, the 
bent or raised tip 62 is elastically deformed substan- 
tially into the plane of the leg 55a, as shown in Figure 
20A. The edge of the tip 62 therefore comes into con- 55 
tact with or forces onto the surface of the positive tem- 
perature coefficient resistor 49. The lanced and 
raised projection 61 provided on the leg 55a cuts into 

6 



the surface of the positive temperature coefficient re- 
sistor 49. 

Thus, the positive temperature coefficient resis- 
tor 49 can be positively held between the input termi- 
nal 83 and the retaining member 48. Even if external 
pulling forces are exerted onto the positive tempera- 
ture coefficient resistor 49, the extracting resistance 
can be increased and reliability can be improved, be- 
cause the lanced and raised projection 61 on the leg 
55a and the lanced and raised lug 64 provided on the 
input terminal 83 cut into the surface of the resistor 
49. 

Preferably, if the gap between the lanced and 
raised lug 64 of the input terminal 83, and the lanced 
and raised projection 61 of the retaining member 48 
and the edge of the tip 62 is g prior to insertion of the 
resistor 49, and the thickness of the resistor is t, then 
the relationship between g and t should be g < t. 

The thickness of the part of the resistor being 
held may be reduced due to tripping, as described 
above. In this embodiment, however, the resistor 49 
is held not only by the lanced and raised projection 61 
and the lanced and raised lug 64. but also by the tip 
62. Elastic deformation of the tip 62 causes its edge 
to come into contact with, or force onto the surface of 
the resistor 49. Thus, the resistor 49 can be held pos- 
itively without changing the holding force of the retain- 
ing member 48. 

Figures 21A to 23 illustrate a retaining member 
48 according to the third embodiment of the invention. 
The pushing piece 66 extends from the opposite side 
of the retaining member 48 to the leg 55a, but its sub- 
stantially L-shaped bent portion protrudes from the 
plane of the leg 55a to the same side as the lanced 
and raised projection 61. The other features of its 
construction are the same as the retaining member 
48 shown in Figures 16a to 18, described above. 

In Figure 24, the input terminal 83 is inserted into 
the hole 42 through the inner end of the case cap 6, 
and fixedly fitted by bending the lanced and raised lug 
52, similarly to the embodiment shown in Figures 20A 
and 20B. The retaining member 48 of Figures 21 A to 
23 is f ixedly fitted to the case cap 6. Again, a gap is 
provided between the leg 55a of the retaining mem- 
ber 48 and the input terminal 83, as in the first and 
second embodiments. The positive temperature 
coefficient resistor 49 may then be readily inserted 
therebetween. 

The lanced and raised projection 61 cuts into the 
surface of the positive temperature coefficient resis- 
tor 49, and the tip 62 comes into elastic contact with 
the surface of the resistor 49, positively holding it in 
place. 

The positive temperature coefficient resistor 49 
may be displaced due to creep, as shown by the dash- 
ed lines in Figure 24. 

As described above, the thickness of the held 
part of the resistor 49 may be reduced due to tripping. 
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In this embodiment, however, the pushing piece 66 
provided integrally with the retaining member 48 pre- 
vents the positive temperature coefficient resistor 49 
from being displaced due to stress relieving or creep. 
It positively holds the resistor 49 at a predetermined 
position by elastically pushing against its surface. 
Thus, electrical contact can be maintained between 
the resistor 49, the input terminal 83 and the retaining 
member 48. 

Figure 25 illustrates a portion of the case cap 6 
according to a fourth embodiment of this invention. A 
substantially rectangular hole 67 receives the positive 
temperature coefficient resistor 49. Projections 68 
are provided on the inside wall of the hole 67 on the 
same side as the input terminal 83. They are located 
in such a manner as to contact the surface of the pos- 
itive temperature coefficient resistor 49 on both sides 
of the input terminal 83 and to hold the resistor against 
the lug 64. The projected height of the projection 68 
is made slightly smaller than the projected height of 
the lanced and raised lug 64 of the input terminal 83. 

Thus, when the resistor 49 is inserted into the 
hole 67, it is held by the input terminal 83 and the re- 
taining member 48. and, in addition, one surface of 
the resistor 49 comes in contact with the projections 
68. The resistor is thereby prevented from rotating 
around the lanced and raised lug 64, even when push- 
ed by the lanced and raised projection 61, the tip 62 
and the pushing piece 66 of the retaining member 48. 
A projection 68 may be provided on the side of the 
pushing piece 66 only. 

Figure 26 illustrates the case cap according to a 
fifth embodiment of the invention. The retaining 
member 48 is made of an electrically conductive ma- 
terial, and holds the positive temperature coefficient 
resistor 49, in conjunction with one input terminal 83. 
Electrically conductive member 48a is formed into the 
same shape as the retaining member 48 and is con- 
nected to the other input terminal 83. The retaining 
member 48 and the connecting member 48a are elec- 
trically connected with a respective brush 16 via pig- 
tail wires 14. 

Figures 28 to 30 show the retaining member 48 
of Figures 26 and 27. The member 48 is substantially 
U-shaped, having ends 70a and 70b which extend 
outwards. The end 70a extends to a lesser degree 
than end 70b in order to allow space for the positive 
temperature coefficient resistor 49, as shown in Fig- 
ures 26 and 27. 

Af ixed leg 71 is provided on the intermediate part 
of the retaining member 48, and a leg 72a and a fixed 
leg 72b are provided on the open ends 70a and 70b 
by bending the corresponding parts substantially per- 
pendicular to the plane of the retaining member 48, as 
illustrated in Figure 29. Lanced and raised projections 
73 are provided on the leg 72a and the fixed leg 72b 
and protrude outward. A retaining part is formed by 
bending the tip 74 of the leg 72a to the same side as 



the lanced and raised projection 73. As indicated in 
Figure 29, the height h 2 of the tip edge of the tip 74 
from the leg 72a should preferably be made larger 
than the height of the lanced and raised projection 
5 73 from the leg 72a. 

In addition, a pushing piece 75 is provided near 
the open end 70a, which extends out of the plane of 
the retaining member 48 in the opposite direction to 
the leg 72a. A substantially L-shaped portion of the 
10 pushing piece 75 protrudes to the same side as the 
lanced and raised projection 73, as shown in Figure 
29. Terminals 76 and 77 are provided on the end 70b 
by bending the corresponding parts to the same side 
of the plane of the retaining member as the pushing 
15 piece 75, as shown in Figures 29 and 30. A pig-tail 
wire 14, a capacitor or other components may be con- 
nected to the terminals. 

The input terminals 83 shown in Figures 31 A and 
31 B are the same as those illustrated in Figures 19A 
20 and 19B, except that the lanced and raised lugs 52 
and 64 protrude from opposite sides of the terminals. 

Once the retaining member 48 shown in Figures 
28 to 30 and the input terminal 83 shown in Figures 
31 A and 31 B have been installed in the case cap 6, 
25 as shown in Figures 26 and 27, the positive temper- 
ature coefficient resistor 49 may be inserted and pos- 
itively held in the same manner as in the fourth em- 
bodiment described above. Although the arrange- 
ment of the leg 72a and the pushing piece 75, the re- 
30 sis tor 49, and the lanced and raised lug 64 of the input 
terminal 83, as shown in Figure 27, is the reverse of 
that in the fourth embodiment shown in Figure 24, this 
embodiment achieves the same effects and the resis- 
tor 49 is securely held. 
35 Similarly to the embodiment shown in Figure 25, 

the configuration shown in Figure 32 has projections 
68 on the input-terminal 83 side of the hole 67 housing 
the positive temperature coefficient resistor 49. They 
again serve to prevent unwanted rotation of the resis- 
40 tor 49 and ensure it is positively held in place. 

This invention is not limited to the embodiments 
described above, as combinations of the retaining 
member 48 shown in Figures 13A and 15 and the in- 
put terminal 83 shown in Figures 19A and 19B, and 
45 combinations of the retaining member 48 shown in 
Figures 16A to 18, 21 A to 23, and 28 to 30 and the in- 
put terminals 81 and 82 shown in Figures 11A to 12B 
may also be used to achieve the same function and 
effects. 

so Reference has been made above to a construc- 

tion in which a hollow tubular connecting member 41 
is provided on the outer end face of a case cap 6, input 
terminals 81, 82 and 83 are disposed inside the con- 
necting member 41, and brushes 7 and 16 are elec- 

55 trically connected to the input terminals 81, 82 and 83 
via other electrically conductive materials. This inven- 
tion, however, can readily be applied to miniature mo- 
tors having a construction in which an input terminal 
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8 is connected directly to a brush 7, as shown in Fig- 
ure 1. In addition, although reference has also been 
made to an example where the retaining member 48 
is substantially U-shaped, it may, for example, be 
formed into an L-shape or l-shape without a leg 55b. 

The present invention offers the following partic- 
ular benefits: 

(1) The positive temperature coefficient resistor 
may be elastically held by the input terminal and 
the retaining member, and if an external pulling 
force is exerted on the resistor, the extracting re- 
sistance is increased because the lanced and 
raised lug or the lanced and raised projection 
cuts into the surface of the electrode of the resis- 
tor. 

(2) The pushing force exerted on the positive tem- 
perature coefficient resistor can be controlled 
over a wide range. Forming the retaining member 
from a thin sheet of material having a thickness 
of about 0.2 mm permits the resistor to be held 
securely without risking damage to its surface. 

(3) The positive temperature coefficient resistor 
may be easily inserted between the input termi- 
nal and the retaining member as a slight gap is 
provided at the inserting location. 

(4) The omission of the positive temperature 
coefficient resistor during assembly may be easi- 
ly detected merely by checking the electrical con- 
tinuity between the input terminal and the retain- 
ing member. 



wards the input terminal (82,83) but without the 
retaining member (48) making any contact there- 
with, and being adapted to engage and hold a 
positive temperature coefficient resistor (49) 
thereagainst 

2. A miniature motor according to Claim 1 wherein 
said engagement is such that movement of a re- 
tained resistor (49) in the extracting direction is 
restricted by the projection (57,61 ,73) cutting into 
the surface of the resistor. 

3. A miniature motor according to Claim 1 or Claim 
2 wherein the end of the retaining member leg 
(55a) comprises at least two prongs, with the pro- 
jection (57) formed on one prong (56) and the re- 
taining piece (58) formed by plastically deforming 
another prong. 

4. A miniature motor according to Claim 1 or Claim 
2 wherein the end of the leg (55a,72a) of the re- 
taining member (48) is plastically deformed to en- 
gage and hold a resistor (49) against the input ter- 
minal (82,83). 

5. A miniature motor according to any preceding 
Claim wherein a pushing piece (66,75) extends 
from the retaining member in a direction opposite 
to the leg, and is adapted to resiliently engage a 
retained resistor (49). 



Claims 

1. A miniature motor having a metallic tubular case 

(1) closed at one end with a permanent magnet 7. 

(2) fitted to the inner surface thereof; a case cap 
(6) dosing the open end of the case (1); a rotor 
(5) comprising an armature (3) and a commutator 
(4), being rotatably supported by bearings (9,10) 40 
provided on the closed end of the case and on the 8. 
case cap (6); brushes (7) supported on the case 
cap (6) for making sliding contact with the com- 
mutator (4); a pair of input terminals (81,82,83) 
electrically connected to the brushes (7), and a 45 
retaining member (48) for connecting a brush (7) 
to one of the input terminals (82,83) via a positive 
temperature coefficient resistor (49) held be- 
tween the input terminal and the retaining mem- 

ber > so 
CHARACTERISED IN THAT 
the retaining member (48) has a leg (55a, 72a) 
disposed in the case cap (6), which leg comprises 9. 
a projection (57,61.73) formed by lancing and 
raising a portion of the leg, and at least one retain- 55 
ing piece (58,62,74) formed by plastically deform- 
ing another portion of the leg (55a, 72a), both the 
projection and retaining piece being directed to- 



6. A miniature motor according to any preceding 
Claim wherein the retaining member (48) is sub- 
stantially U-shaped. 

A miniature motor according to any preceding 
Claim wherein a projection (54,64) is also provid- 
ed on the input terminal (8,83) and is directed to- 
wards the retaining member (48). 

A miniature motor according to Claim 7 wherein 
the input terminals (81,82) are substantially L- 
shaped and of which the shorter legs act as stop- 
pers (51) against the inner end of the case cap (6) 
wherein a lanced and raised lug (52) is formed 
from an intermediate portion of each terminal 
(81,82) and is plastically deformed against an 
outer end surface of the case cap (6), and where- 
in the input terminal projection (54) is disposed 
between the stopper (51) and the lug (52) on one 
of the pair of terminals. 

A miniature motor according to Claim 7 wherein 
each input terminal (83) has a substantially rec- 
tangular shape, with a wider section forming a 
stopper (51) relative to the case cap (6); and two 
lanced and raised lugs formed from intermediate 
portions thereof, of which one comprises the in- 
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put terminal projection (64) and the other (52) en- 
gages the body of the case cap (6). 

10. A miniature motor according to any preceding 

Claim wherein a projection (68) is provided on an 5 
inner wall of a hole (67) provided on the case cap 
(6) for receiving the positive temperature coeffi- 
cient resistor (49) t and contacts the resistor on 
the same side as the input terminal (82,83). 
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(54) Miniature motor 

(57) A miniature motor has a metallic tubular case 
(1 ) closed at one end and a permanent magnet (2) fitted 
to the inner surface thereof. A case cap (6) closes the 
open end of the case (1 ), and a rotor (5) comprising an 
armature (3) and a commutator (4) is rotatably support- 
ed by bearings (9, 10) provided on the closed end of the 
case and on the case cap (6). Input terminals are pro- 
vided on the case cap (6), together with a retaining 
member (48) for holding a positive temperature coeffi- 



cient resistor (49) against one of the input terminals 
(82,83). The retaining member (48) has a lanced and 
raised projection (57,61 ,63) and at least one retaining 
piece (58,62,74) which are directed towards the input 
terminal (82,83) and are adapted to engage and hold a 
resistor (49) thereagainst. The retaining member (48) 
makes no contact with the respective terminal (82,83), 
whether or not a resistor is installed. 
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